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TECHNICAL NOTE NO. I378 

PRELIMINARY INVESTIGATION AT LOW SPEED OF DOl-fflWASH 
CHARACTERISTICS OF SMALL-SCALE SWEPTBACK WINGS 
By Paul E. Purser, M. Leroy Spearman, and William R. Bates 


SUMMARY 


A preliminary investigation has been made at low speed of the 
downwash behind various small-scale sweptback ^d.ngs. The wing con- 
figurations for which data were obtained covered aspect ratios 
from 2.5 to 4.0, sweepback angles from 32.5° to 40 °, and. ratios of 
root chord to tip chord from 0.62 to 2.06. 

The data showed that for the hi^er tails and shorter tail 
lengths behind each of the wings in the wing-tail combinations 
tested fairly large variations occiirred in the rate of change of 
downwash angle T-d.th angle of attack de/dtt at high angles of attack 
with resulting large changes in the longitudinal stability of the 
wing-tail combinations. In general, lowering the tail to a position 
near the extended chord line of the 'vrLng and increasing the tail 
length caused improvement of the stability as characterized by 
decreases in de/da and by decreases in the variation of de/da 
with angle of attack. 

Increasing the wing aspect ratio caused a reduction in de /da 
and improved the tail contribution to the stability. Increasing 
the ratio of wing root chord to tip chord caused increases in the 
rate of change of do^mwash angle ^/ith angle of attack for the low 
lift range. 

The use of trailing-edge flaps caused a slight increase in 
de/da and caused an increment of downwash angle at low angles of 
attack about the same as would be expected for imswept wings. 
Leading-edge slats reduced the variation of de /da at high lift 
coefficients and generally resulted in improvement of the stability. 

Values of downwash angle computed from design charts for unswept 
wings given in NACA Reports No. 6^+8 and 711 agreed fairly well idth 
experimental data at low lift coefficients provided the computations 
were based on the aspect ratio and span of an uns^rept \ring having the 
same panels as the sweptback idng'. •• 
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INTRODUCTION' 


The analysis of reference 1 shows that the use of swepthack 
wings for high-speed aircraft can greatly extend the range of flight 
Mach nuDiber attainable before the onset of serious compressibility 
effects on the wings. The National Advisory Committee for Aeronautics 
is therefore attempting to supply design data on the characteristics 
of swept wings. For the low- speed range in which the disadvantages 
inherent in the use of high degrees of sweep appear to be greatest, 
the Langley Laboratory of the NACA has supplied such data on the 
low-speed stability and control characteristics of sweptback wings in 
references 2 and 3 and has provided a collection and analysis of 
static longitudinal stability characteristics of sweptback wings in 
reference k. 

The analysis of reference k shows that the static longitudinal 
stability of Isolated wings, particularly near the stall, is 
greatly dependent upon the aspect ratio and sweepback angle. A 
stnmiiary chart based on these two parameters is presented in reference k 
for use in determining stable and unstable combinations of sweep 
and aspect ratio. Other data presented in reference k indicate, how- 
ever, that the problem of obtaining adequate longitudinal stability 
for wing- tail combinations is more complex than that for wings alone 
because of apparently large and unpredictable downwash changes in the 
region of the tall surfaces. 

As an extension to the work of reference k, the present paper 
provides a collection and brief analysis of do^•^nwash measurements 
made behind various sweptback wings . The data were obtained from 
tuft observations and force tests of wing-tail combinations in the 
Langley 7- by 10 -foot tunnel. 


COEFFICIENTS AND SYMBOLS 


Cj^ lift coefficient (Lift/qS) 

Cj^^ isolated-tall lift coefficient (Lift of isolated tail/qSt) 

Cj) dra.g coefficient (Drag/qS) 


C. 


'm 


pitching -moment coefficient about quarter chord of wing 
mean aerodynamic chord (Pitching moment /qSc ' ) 


<1 


dynamic pressure, pounds per square foot 
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S+ 


Cij 

•^c/4 

A 

H 

I 

H 

a 

“t 

6 

^ I 




't . 



mass density of air, slugs per cutic foot 
air velocity, feet per second 
wing area, squai-e feet • 

tail area, square feet 
airfoil section chord, feet 
airfoil mean aerodynamic chord, feet 

airfoil root chord, feet 
airfoil tip chord, feet 

angle of sweephack of line of quarter- chord points of airfoil, 
degrees 

wing aspect ratio (b^/S) 
tall aspect ratio 
vlng span, feet 
tall span, feet 

angle of attack of wing chord line, degrees . . 

angle of attack of tail chord line, degrees , . 

angi.e of downwash, determined . from tuft surveys, degrees 

effective angle of downwash, determined from force-test 
data, degrees 

tail setting vith respect to wing chord line, positive 
when trailing edge moves down, degrees • 

effective dynamic pressure at tail, pounds per -square foot 

tail length, distance in chord plane from quarter- chord 
point of wing mean aerodynamic chord to quarter- chord 
point of tall mean aerodynamic chord or to a point in 
survey plane equivalent to quarter-chord point of tall 
mean aerodynamic chord, feet 
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tail height, vertical distance from wing chord plane to 
tall chord plane or to point in survey plane, feet 


y spanvlse distance from plane of symmetry, feet 




neutral point 


MODELS AND APPARATUS 
Models 


Details of the models tested are shovn in figtires 1 to 7 • All 
the wings and tails were made of laminated mahogany. The tails of 
models A to D were mounted on a 2- by 4- inch pine fuselage "by means 
of the fittings shovm in figure 8. 


Survey Apparatus 

Downwash surveys for models D, E, and F were made with the 
tuft apparatus shown in figure 9* For models B and C the wires 

extended from the tuinnel floor to the ceiling and from = 0 

y ® b/2 

to =1.0, The row of wires supporting the tufts was swept 

hack and photographs (see fig. 10) were taken from the side of 
the tunnel at an angle of 90® to the air stream. The photographs 
were enlarged to approximately one-half full-size and the tuft 
angles were read hy using the vernier protractor of a drafting 
machine . 


TESTS AWD RESULTS 
Test Conditions 

The following table summarizes the test conditions for the various 
models in the Langley 7- by 10-foot tunnel: 


j Model 

Dynamic pressure 
(Ib/sq ft) 

Test Reynolds number 

Turbulence 

factor 

I 

A, B, and 0 

17.16 

0.834 X 10^ 

1.6 

D 

16.37 

.97^^ 

1.6 

E 

16.37 

.820 

1.6 

P 

16.37 

.800 

1.6 

Isolated 

tails 

16.37 

.410 ’ 

1 .6 
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Corrections' „■ r; ;■ 

Taxes.- The’ model force-test data have not been coriected for • 
tares. The d.ata for the isolated tails of models A^ G, and D , 
have been approximately corrected for' tares by adjusting the angle .• 
of zero lift to -3 *8° • This angle is a corrected value based on,.-, 
tests data for unswept Clark Y airfoils mu2.tiplied by the cosine of ■ 
40° to account approximately for sweep effects. 

The downwash angles determined, from tuft surveys for the 
symmetrical airfoils (models B and C) were approximately ■ corrected 
for tares by subtracting the do/nwash angles mea.sured at an angle' 
of attack of zero from the downwash angles measured at all angles 
of attack. For the cambered airfoils (models D; E, and F) the 
tare downwash angles wore determined from txif t measurements made 
with the models removed but with the .model sup^Dort strut installed 
in the tunnel . 

Jet-boundary effects .- The various jet-boundary coirectlons 
applied to' the force-test data are presented in table I. These 
corrections are standard values developed for unswept wings (see 
reference 5 ) and fo.r the present tests were based on the actual 
aspect ratio and area of each sweptback wing. 

Within the limits of applicability of the jet-boundary 
cori’ections developed for unswept wings to tests of swept wings ^ 
the effective dovmwash angles determined from the co.rrected force - 
test data are also corrected for jet-boundary effects . 

No jet -boundary corrections have been applied to the downwash 
angles measured by tufts for any models, but the angles of attack 
presented with the tuft-survey data are also imcorrected in order 
that the values of de/da obtained from these data might be more 
nearly correct. 


Tests and Presentation of Results 

Force tests .- Force tests of all models were made through the 
angle -of -attack range from about -4*^ to the stall angle. For models A 
to D tests Were roade \/ith the tall removed and with the tail set at 
approximately 0° and -6° relative to the wing chord line at each of 
the positions shown in figures 1 to 4 . 

For models A to D the values of effective downwash angle e' 
and dynamic -pres sure ratio were computed from tail-off, tail-on, 
and isolated-tail tests by a method of successive approximations which 
takes into account the nonlinearity of the isolated-tail lift curve. 
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Dovnwash surveys .- The dovnwaBh surveys hehind models B and C 
with the tail removed and Behind the wings of models D, E, and F 
were made through the angle -of- attack range from 0° to 20° in the 
suorvey planes shown in figures 2, 3, U, 6, and 7 . Since the gi’oups 
of tufts were fixed in space, the sva'vey planes were located 
differently with respect to the model for each angle of attack, as 
sho'''jn in figure 11. The data are shown located with respect to the 
chord plane, and the fact that the survey planes did not remain 
per-pendicular to the chord plane was ignored Because of the relatively 
small variation of downwash with 3.ongitudinal location in the survey 
region. 

Presentation of resiilta .- The data are presented in figures 12 
to 30 in three general gi’oupst force-test data, tuft surveys, and 
analysis plots and are Indexed in taBle II. 


Discussion 

General 

The force -test data, particularly data in figures 12(a), 13(a), 
l4(a), and ly(a), and the tuft surveys (figs. 20 to 24) indicate 
that for high tails and short ta,il lengths Behind each of the wings 
tested for tlie present investigation, the variation of downwash angle 
with angle of attack undergoes rather large changes at hi^i values 
of lift coefficient (Cj^ > 0.6). These changes in ds/da usually 
occur at angles of attack near the angles at which changes occur 
also in the wing lift, pi tching -moment , and drag characteristics. 

Tuft oBservations of the flow at the wing surface show marked changes 
in the flow pattern at these same angles of attack and indicate a 
general shift of lift load toward the root section. That such a shift 
of l^d occui-3 for swoptBack wings is shown by the data of reference 6 
1^ tests made in the Langley 8-foot high “Speed tunnel. The changes 
in de/da that occur at high lift coefficients therefore are probably 
a result of the increased load carried By the root section. 

Data obtained in the Langley 19 -foot pressure timnel show that 
the changes in air flow, lift, pitching moment, and drag that occur 
at low Reynolds numbers at vadues of lift coefficient of 0.6 and 
high®r are reduced or delayed to higlier angles of attack by increases 
in the Reynolds number. It is to be expected, therefore, that ttie 
data presented herein, which were all obtained in tests at low 
Reynolds numbers, may tend to overemphasize the changes in d^/da. 

The actual changes occurring on full-size aircraft probably would be 
less marked and would occiir at higlier values of lift coefficient 
than do the changes presented in the present paper. The data obtained 
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In the 19-foot pressure tunnel, hovever, shov relatively small 
effects of Reynolds numher at low lift coefficients; therefore the 
low Be3Tiold8 number of the present tests should have little effect 
on the validity of the present data at low lift coefficients. 

Since analysis of the data involves a discussion of both force- 
test measurements and tiift surveys, a comparison of the results 
obtained by these two methods is shown in figures 25 and 26 , An 
Incremental difference exists betxveen the values of downwaeh angle 
obtained by the two methods that is probably caused by tares; 
however, the slopes of the ctirves are very nearly the same. The 
tuft- survey data presented are values for a station at the midpoint 
of the tail semispan and no attempt was made to account for spanwise 
variations of do■^^^lwash angle and tail lift distribution. As noted 
in the section entitled Corrections neither the do^mwash angles 
nor the angles of attack from the tuft tests have been corrected. 

The corrections to both downwash angle and angle of attack are 
of the same sense and order of magnitude, however, and as shovn 
by table I the corrections to angle of attack are relatively small 
for all the models tested. 


Effect of Aspect Ratio 

The effect of wing aspect ratio on the effective downwash 
angle behind sweptback wings is shovn in figure 27. The aspect 
ratios of the wing and tail were reduced by the same amount so that 
the tail for each model would be affected by relatively the same 
portion of the vTing. The physical positions of the wing and tall 
remained unchanged vdien the aspect ratio was changed. The data of 
figure 27 Indicate that a reduction in aspect ratio produces an 
Increase in the value of de/da, with the effect being less marked 
for the longer tail lengths. 

For all the wings tested the changes in ie'/da resulting from 
a change in aspect ratio are of the order of magnitude obtained 
for unswept wings from the charts of references 7 and 8 . The 
measured values of de'/da for a given sweptback wing, however, are 
less than would be calculated for an unswept wing of the same 
aspect ratio and more nearly approach the values calculated for 
an unswept wing having the same panels as the swept wing. This 
result is illustrated in figure 30 in which measured values of de'/da 
for the low lift-coefficient range are compared with values computed 
from the charts of references 7 and 8 by three different methods: 

(1) Actual values of A and b obtained on the swept wings were 
used in the charts 
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(2) Actml value of b was used but value of A was multiplied 

by the factor ^ 

cos2a 

(3) Value of b was multiplied by ^ and valixe of A 

1 ^cA 

was multiplied by 

cos^A 

Method (3) le equivalent to basing the computations on an 
unswept \ring having the same panels as the svrept ulngs. This method, 
although strictly empirical and having no theoretical basis, gave 
the closefeit agreement between experimental and computed values 
of de'/da. Computations of made by method (3) for four 

complete models have also sh.o\m. good agjr-eeraent with experimental 
values obtained in the Langley 300 MPH 7- by 10-foot tunnel. 


Effect of Taper Eatlo 


The only directly comparable data on the effects of taper 
ratio were obtained for models D and E. These data are compared 
in figure 28, which shows that for the low lift range the model 

/fR 

\pT 


with conventional taper ( *~ = 2.04j has greater downwash angle 


than the wing with invex'se taper 


( — = 0 .617) 

\CT y 


as would bo expected 


from the design charts of references 7 and 8. The data of figixre 28 
indicate that in general a more uniform variation of e with angle 
of attack is obtained for the model with conventional taper. At 

0.2^ above the chord line, for example, the model of conventional 


taper shows a fairly uniform increase in downwash angle with angle 
of attack, whereas the iring of inverse taper shows a particularly 
rapid increase in domwash angle between .angles of attack of 12° and 
16°. This resu].t might be expected since the force-test data 
(figs. 16 and I7) also show smaller departxu’es from linearity foi'* 
the lift and pitching-moment curves for the conventional -taper model 
as compared with the curves for the inverse-taper wing. 


Effect of Tail Span and Position 

Tall span .- The downwash data for the wing of model D (inverse 
taper) indicate that in general the average value of de /da increases 
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as the tail span increases. (See fig. 21.) This condition is 
prohahly a result of an Increased lift load carried hy the tips of 
the svepthack Inverso-taper ving as the angle of attack increo.ses. 

For the wings with conventional tape?.- models E and P sliovjn in 
figures 23 and 2h^ respectively - a similar increase in the average 
value of de/da occurs at low angles of attack for tail spans 

ac large as about 0.5*5* For higher angles .of attack .end for tal3/ 

^ b 

spans greater than about the data generally indicate a 

decrease in de/da ^dth increasing tail spian, because at high 
angles of attack the tip stalling tendencies of sweptback wings • 
reduce the tip lift load and- because at all angles of attack 
conventional taper has a relieving effect cn tiio lift load at tho- 
tip. 

For the untapered wings (models B and C) the spanwise variation 
of de/da Is small until angles of attack approaching the stall 
angle are reached. (See figs. 20 and 29.) At these high angles of 
attack, the data for b-^ = 0.50b indicate an increase in de /do, 

whereas the data for bf, ^ 0.80b indicate a decrease (fig. 29). 

The difference in effective downvrash angle for the two tall spans 
is again probably caused by an inboard shift of the lift load" for 
sweptback wings at high angles of attack when the tips stall. 

Tail position.- Both the tuft-survey and force-test data Indicate 
the large effect of both the vertical and longitudinal positions of 

the tail .on the variation of dovmwash angle vrith angle of attack in 

the moderate to high lift-coefficient range. For example, figures 12 
to Ih show for models’ A, B, and C the short tail length (position l) 

an increase in dc'/da and a, correcnonding unstable chango in slope 
of the pitching moment near maxiraxm lift, tdien the tail length Is 
increased (position 2 for models A and B and position 3 for model C) 
the unstable changes in de'/da and dC^.^Cx, near ma:dmur!i lift are 

eliminated. A similar comparison of the pitching-moment and doivii- 
wash data for positions 1 and 2 of raodels C and I) (figs. lU and 15) ' 
shows that lowering the tail to a position nearer the extended chord 
line of the wing tends to eliminate unstable changes in de '/da and 
maximum lift. The tuft data (figs. 20 to 2h) indicate 

positions the value of d€/da tends to Increase 

at high angles of attack, whereas for low tail positions the opuosite 
is true. 


In general, the tail positions that are lowest and farthest 
rearTO-rd provide the most favorable downwash; tiiat is. In such 
values of ds/da either remain constant or show a 
Gtabllizing decrease vrlth increased lift coefficient. This resu3.t 
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tende tt> explain the data of reference U wherein the presence of a 
tail was shown to improve the- longitudinal stahility characteristics 
of an unstable wing and to Impair the characteristics of a stable wing. 


Effect of High-Lift Devices 

Trailing-edge flaps .- As shown by the data in fig\ire 22 half- 
span flaps on the trailing edge of the wing of model I) have the 
usual effect of producing an initial positive value of downwash 
angle at zero angle of attack and generally cause a slight increase 
in d€ /da, as is Indicated in reference 9* Computations made by 
the method of reference 7# based on an unswept vrlng having the same 

panels as the sweptback wing of model D, Indicate that at 0.03^ 
above the extended chord line tho Increment of downwash an,gle at a = 0 
caused by flap deflection shoxild be about whereas the data of 
figure 22 indicate an increment of about Computations based on 

the actual span and aspect ratio of the sweptback wing indicated 
an increment of only 

Wing- tip leading-edge slats .- The data of figure 22 show little 
effect on de /da of the addl t ion of half- span slats at the leading 
edge of tho wing tip of model D in tho low lift-coefficient range. 

At higher lifts, however, the presence of the slats reduced de/da 
over the inner 50 percent of the span for tail positions lower than 

about 0.3'i? above the extended chord line and Increased de/da for 
tall positions higher than about 0.3^* 


CONCLUSIONS 


The results of tests at low speed to determine downwash charac 
terlstics behind various small-scale sweptback wings indicated the 
follovring conclusions : 

1. Rather large variations in the rate of change of dowiwash 
angle with ar.gle of attack ds/da occurred for the higher tails 
and sho:rt.c-r toAL Jengohs behind each of the winge in the wing- tail 
cdmbinatlcns tostsd at high sngles of attack with resulting large 
changes li? longitudinal stability of the wing- tail combinations. 

2. E'ictending the tall length and lowering the tail to a 
position near the extended chord line generally caused a decreaee 
in de/ da and Improved the stability at high lift coefficients. 
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3. Increasing the wing aspect ratio caused a reduction in 
de/da and improved the tall contribution to the stability. 

4 . Increasing the ratio of wing root chord to tip chord caused 
an increase in de/da for the low lift range. 

5. The use of trailing-edge flaps ca\\sed a slight incroase in 
de/da and caused an increment in the angles of downwash at low 
angles of attack about the same as would be expected on an unswept 
wing. Leading-edge slats caused slight decreases in de/da at 
high lifts and improved the stability, 

6. Values of downwash angle computed frcM design charts for 
ijuiswept wings given in MCA Reports No. 648 aud '('11 agreed fairly 
well with experixaental data at low lift coefficients provided the 
computations were based on tho aspect ratio and span of an unswept 
wing having the same panels as the sweptback wing. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va., April 9 , 1947 
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TABLE I 

JET-BOUNDABY CORRECTIONS APPLIED TO FORCE -TEST DATA 


-1 

— 1 

Jet-Boundary corrections 

Model 

da/C-^ 

ACd/Cl^ 

ACi,/Cx, 

Short tail 
length 

Long tail 
length 

A 

O.Uh 

0 .0076 

0 .0072 

0 .0146 

B 

.28 

.0049 

.0080 

.0130 

C 

.28 

.0049 

.0030 

.0080 

D 

.53 

.0093 

.0069 

.0117 

E 

.32 

,0057 

• . - ^ 



F 

.33 

.OO58 

- - - - 

- - - - 

Isolated 

tails®’ 






^No corrections applied Because of small size of tails. 
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TABES II 


INDEX TO DATA FIGURES 


Model configuration 

Tail position 
number 

It 

b/2 

b/2 

Figxire 

number 

Force-test da*^a 

A, with and without 

1 

3 .0 

0.18 

12(a) 

tail 

2 

1.5 

.18 

12(b) 

B, with and without 

1 ■ 

1.6 

.29 

13(a) 

tail 

2 

2.4 

.29 

13(b) 


1 

1.5 

.29 

iMa) 

C, with and without 

2 

1.5 

.03 

l^(b) 

tail 

3 

?.3 

.29 

14 (c) 


4 

2.3 

.03 

14 (d) 


1 • 

1.36 

.43 

15 (a) 


2 

1.36 

.21 

15 (b) 

D, with and without 

3 

1.36 

.03 

15 (c) 

tail 

4 

1.91 

M 

15 (d) 


5 

1-91 

.22 

15 (e) 


6 

1.91 

.04 

15(f) 

D, wing alone, with and 





without high-lift 





devices 

- - - 

• - - 

.... 

16 

E 

- - _ 

- - - 

; - - - 

17 

F 

... 

- - - 

- - « 

18 

Isolated tails 

... 

- - - 

- - - 

19 

Tuft- survey data 

B, C, without tail 

- - - 

1.5,2 . 3 ■ 


20 

D, wing alone" 

- - - 

1.36,1.91 

- ~ . 

21 

D, wing alone, equipped 





with flap and slat 

- - - 

1.91 

- - « 

22 

E 

- - - 

1.36,2.03 

- « - 

23 

F 

- - - 

1.25,1.86 

^ - 

24 

Analysis plots 


Comparison of force and tuft data 



25 and 26 

Effect of aspect ratio 




27 

Effect of taper ratio 




28 

Effect of tall span 




29 

Comparison of measured and computed values of d€ ^ /djcL 

30 
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Figure 1.- Details of .model A showing wing -tail combinations tested. Wing: — = 1.0; A = 4.0; 

c 

A^/a = 40°. Tail: — = 1.0; A. = 4.0; A , = 40°. 
c/4 c,p ’ ^ c/4 


NACA TN No. 1378 Fig. 


\^!3.06 


NAC/\ OOlZ airfoil szcfion 

V 6.53 A 


// ^Chrk Y airfoil 
V s/zcTion 



fline of 


and survey pidnes 


3 

Oq 

DO 


Posit ml 


Position 2 



1.6 4- H 

-=i 

5 r-rrs>- n 

2,4 A 

r-;-j 

Sr-— — ^ 



.29 1 


NATIONAL ADVISORY 
COMMITTEE FOP AERONAUTICS 


R 


Figure 2.- Details of model B showing wing-tail combinations tested. Wing: ^ - 1,0; A 2,5; 


c/4 


= 40°. Tail: ^ = 1.0; = 4.0; = 40 


T 
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Figure 3.- Details of model C showing wing-tail combinations tested. Wing: — = 1.0; A = 2.5; 


c/4 


= 40 . Tail: — = 1.0; A. = 2.5; A 


c/4 


= 40°. 
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Details of model D showing wing -tail combinations tested. Wing: 


./4 = 37.5®. Tail: ^ = 1.0; = 3.6; - 40"^. 
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Figure 9.- Survey rig for measuring downwash angles. 




NACA TN No. 1378 


Fig. 10 



Figure 10.- Side view of tuft -survey rig in tunnel during test run, 
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Figure 19.- 


Characteristics of isolated horizontal tails. 


A 


c/4 



Clark Y airfoil section. 




yertica! distance from chord fme, semispan^ 


LO 

& 

5 

4 

Q 

-2 

-4 

I 

1.0 

5 
.6 
4 

' 0 
-2 
-.4 




























[de^ 











20 




16 



\ 











n 


y 

A 



Y 

7 


/ 





// 

/ 





_j 



y 

z0.!6 

— 

. 7 

f/- 


b!z 

r 



1 ; 


8 !2 IS 


LO 

.3 

.6 

.4 

.2 

0 

-2 

~4 
































ideg) 













1 

0 




'f 




\ 








X 


6 








T 








— r 


/ 

r 







T 


y 

zO.25 






biz 






























(de^) 









Li 

5 




12 


J 




y 


/ 



6, 

/ 

/ 




T 

7 





7 

/ 




1 

A 

y 

= 062 



r 





TT 


8 12 


1.0 

3 

.6 

.4 

.2 

■0 

-2 

-4 


8 Id 






































OC 

(de^ 

















!6 







LZ 




r 














6 


j 

/ 

4 








J 

/ 








j 

/ 









7 





y 

zaj2 








i42 








IE 


b LZ !6 20 


10 

.8 

,6‘ 

4 

Z 

0 

-.2 

-.4 

1.0 

.8 

6 

4 

.2 

0 

-2 

-.4 






























(deg) 

















20 











\ 



LZ 

\ 






/ 



\ 


1/6 




/ 



>6 

\ 









T 


























y 

z0.5f 



7 





b/Z 





; 



1 


1.0 

.3 

6 

4 

.2 

0 

-4 
























ideg) 









16 


— 


12 


\ 








6 



/ 






/ 




/ 

j 





7 

h 

=0.44 



/ 


1 



1 


0 4 3 !2 LS 20 

Pownuoash angk.e.deg 


4 8 



8 12 








— ! 



1 







1 


\ 









o 

c 

?P) 







{di 






N 
















7 

') 






/I 

7 







1/ 








r 








12 



y 

=^.8/ 





\ 

b/z 


6 







1.0 

8 

.6 

.4 

.2 

0 

-.2 

-4 


































\deg) 





6 






/6l 






LZ 

1 






\ 






y 

^0.9/ 












8 12 li -4 C 

Oownmsh angle.e^deg 


LD 

.3 

6 

4 

.2 

0 

-.2 

-4 












































oC 

(deg) 













/6. 







6 


Iz' 

7 

Vc— 








sN 






1 


7 





iMOO 







\ 




1 ] “ 


\ 



3 -LZ -8 


0 4 


NATIONAL ADVISORY 
COMMITTEE FOI AERONAUTICS 


Figure 20.- Tuft surveys behind models B and C with tail removed. 


Fig. 20a NACA TN No. 1378 


Vertical distance from chord line, sem'ispms 






o 

idi 

C 







ig) 







2^ 









\ 






16 







/2 











J 




8 



) 





r 



/ 






1 



















y 

-ai6 






hjZ 






1 1 


8 \Z !6 


1.0 

.8 

.6 

4 

.2 

0 

-2 

-4 















26 















12 



/ 





/ 



6 



























y 

-0.25 








1 1 


8 12 16 
























/ 

6 



\ 








/ 



i 

/ 








r 







6 

/. 








/ 



























y 

:^<23+ 












TT 


3 12 /6 20 


10 

.8 

.5 

.4 

2 

0 

-2 

-4 











Ldeg) 









16 


















/ 

2f? 



6 


A 





y 





/ 

/ 










y 


y 

-^44 


/ 


b/Z 


r 




8 12 


iO 

.8 

.6 

.4 

.2 

0 

'2 

-4 






o 


\ 


W \ 


\ 


6 

\ 



\ 

\ 

/ 


\ 

L 

/£ 

/ 


V 

/ 7 




// 



i 

/ 



/ 




/ 




y 

^ -/I 

l55 


7 

6/2"^ 


/ 



8 12 


DomuJQsh angle^€,deg 



OoujDUjQsh angk^e^deg 


NATIONAL advisory 
COMNITTEE FM AERONAUT KS 


h) 



= 2 . 5 . 


Figure 20.- Concluded. 


NACA TN No. 1378 Fig. 20b 




\lerhcol distance from chord hne, senn spans 








— 

- 

oc 

(deg) 

- 



\ 

ZO 





16 


[l 


/2 

n 


\ 


4 




•A 





r ^ 

1 





) 

/ 

1 




f 


i 


J 

/ 



1 

— 

7 


II 




1 


8 12 


; 





— r 

i 

1 


j 

1 

1 

io 




16 




r 


1 

L 


12 

j 

I 

/ 


/ 

y 




h 




4 

















y 

-0J6 



b!i 

\ 



ILL 


8 !2 



1.0 

.5 

.5 

.4 

.2 

0 

-2 

-4 











, \ 


p 

[ 2 C 



1 


k 

\ 



)z 



\ 

i 

1 N 


\ 



\ 


V 

T 


\ 

t 

h 

T 


) 








1 


y 

'^ 0.49 

7 


bjZ 



1 1 


8 /2 


1.0 

.8 

.6 

4 

.2 

0 

“2 

'4 



\ 

.LI 





2 

Aw! 

K. 

y) 





/ 







\ 





— N 

\ ^ 


\ 




\ 

\ 




\ 




V 



\ 



X\ 




J 



T 

/ 



/ 




7 






/ 

/ 






ti 

/ 


g 

-065 

/ 

n~ 



b!Z 

I 




\ 1 


4 8 12 Id 


Doujnuuosh angle, e,deg 



iO 

.3 

.6 

.4 

.2 

0 

-.2 

-4 





oc 

(d&g) 






\, 






\ 









id 






V 

/2, 







\ 

8. 


K 





"L 

— ^ 

V 

A 

y 





t 











[/ 






/ 

/ 







// 







/ 




y 

^0.82 






bJZ 

/ 







8 12 16 





7 

oc 

(d^g^ 






\ 





\ 

s 


1 




\ 

\ 


)6. 





A 


\ 





\ 


r 

/2 



7 




8 

\ 


/ 

/ 



4 


) 








/ 







// 







/ 







1. 

/ 




y 

-0.65 

7 





f>/z 






nn 


8 12 16 


Doujnmsh angle, e, deg 

(b) ^ = LSI. 

Nt: 

Figure 21.- Tuft surveys behind wing of model D. 
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Fig. 21 NACA TN No. 1378 
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Figure 22.- Tuft surveys behind wing of model D equipped with high -lift devices. = 1.91. 
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Figure 23.- Tuft surveys b^^hind model E. 
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Figure 24.- Tuft surveys behind model F. 
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Figure 25.- Comparison of values of downwash angles determined by 

c 

tuft and force tests. ^ = 1.0; A = 2.5; = 40°. Model C. 

= 0.5b. Tufts at y = 0.25^. 
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Figiire 26»- Comparison of values of downwash 
tuft and force tests. — = 0.617; A = 3.00; 

C,p 

Model D. = 0.5b. Tufts at y = 0.25 1. 
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Figure 27. - Effect of wing aspect ratio on effective downwash angle 
behind sweptback wings. Models A and C. ~ = 1.0; -^ 0^4 = 40 . 
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Figure 28.- Effect of taper ratio on downwash angle behind sweptback 
wings of models D and E. ^ 0/4 ~ 37.5^5 A = = 1.36 ^5 

y = 0.25|. 
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Figure 29.- Effect of tail span on effective downwash angle behind 
sweptback wings. Models B and C. = 40®; A = 2.5; 

— = 1 . 0 ; = 0.29 2 . 
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Figure 30.- Comparison of measured and computed values of de/da for sweptback wings. 
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